Introduction
Candida albicans strains possess virulence factors required for colonization, infection as well as evading the host immune system [1] [2] [3] [4] [5] [6] [7] . The morphological transition, adhesion, biofilm formation, phenotype switching, and production of hydrolytic enzymes are involved in virulence of these fungi [1] [2] [3] [7] [8] [9] [10] [11] [12] . Genes belonging to the SAP family (SAP1-10) encode secreted aspartyl proteases (hydrolytic enzymes) which may contribute to colonization and infection by degrading components of host cell membranes [2] . Individual SAP genes are expressed at various stages of the infection process and specific Saps might play a special role in tissue invasion [13] . On the other hand, Correia et al., [14] suggested that Sap1 to Sap6 do not play a significant role in C. albicans virulence in a murine model of hematogenously disseminated candidiasis. To date, SAP4-SAP6 expression has been detected in C. albicans undergoing a transition from yeast to hyphae at neutral pH, although it has been indicated that SAP6 is the predominant transcript [15] [16] [17] . Candida albicans also contains CPH1 gene encoding cell-surface associated glycosylphosphatidylinositol (GPI) anchored protein that mediates adhesion of C. albicans to mucosal surfaces [9] . Efg1 plays a major role in promoting filamentous growth and regulates the expression of several genes with a crucial function in the invasion of host cells or in biofilm formation [18, 19] . Another notable function of the EFG1 gene is its direct impact on the up-regulation of the SAP4-6 expression which is involved in the host cell invasion during hyphal growth in vitro [19] . Moreover, Wächtler et al. [20] suggested the role of EFG1 in adhesion and invasion to epithelial cells. [16] , which suggests altered profiles of SAP4-6 expression in strains deficient in hyphae formation [3] . Candida albicans morphogenesis is controlled by transcriptional factors CPH1 activated by the mitogen-activated protein kinase (MAPK) pathway as well as EFG1 activated by cAMP-dependent protein kinase A (PKA) pathway [21, 22] . Moreover, it was described that although EFG1 responds to serum, and on the other hand CPH1 responds to starvation and GlcNAc, both regulate SAP activity as well as fungal filamentation [4] .
Taken into consideration that SAP4-6 expression is associated with hyphal growth and SAP4-SAP6 are closely related genes, we investigated degree of SAP4 expression in wild type strains as well as strains defective in hyphae formation under filamentous conditions in vitro. Thus, in the study we included undiluted blood serum to mimic bloodstream infections as well as Caco-2 cell line to mimic intestinal infection.
The goal of the present study was to investigate the expression of a gene encoding Sap4 extracellular hydrolase on its own not in conjunction with SAP5 or SAP6 transcript in C. albicans strains. We chose to analyze the expression of SAP4 as one of three genes clustered into one group in terms of their sequence homology as well as their substrate specificity [23, 24] . Moreover, of the three genes examined, SAP4 expression had minimal study in C. albicans during epithelial cells colonisation and infection [36] . Moreover, the role of Sap4/5 proteins as the epithelial activating factors was doubtful [40] . Thus, we undertook investigation on the role of SAP4 during hyphae formation and adhesion to epithelial cells. In the study, the expression of SAP4 was quantified in C. albicans cells under human serum influence with the use of real time PCR. The next goal was to assess whether SAP4 is expressed in intestinal infection based on a Caco-2 cell line, derived from human colorectal carcinoma [25] . Since aspartic protease (Sap4) and transcriptional factors (Efg1 and Cph1) had previously been linked to morphogensis and adhesion in C. albicans [19] , we evaluated the role that these proteins play in the adhesion process to human epithelial cell line. In the study the adhesive properties of the reference (SC5314 and 90028) and mutant strains (sap4/sap4 and morphogenesis mutants) were assessed during adhesion to monolayer cell culture. The intestinal infection model of Caco-2 was selected for our study because it is generally believed that the main reservoir of C. albicans in humans is the gastrointestinal tract and that systemic infections predominantly originate from this reservoir [2] . Furthermore, the contribution of Efg1, Cph1 and Sap4 in C. albicans' adherence to the intestinal epithelial cells remains still unknown.
Experimental Procedures

Strains and Media
Candida albicans strains used in the current study are listed in Table 1 . Candida albicans (strain 82) was isolated from blood samples from patient treated for Ependymoma anaplasticum [28] . Morphogenesis mutants used in the study were a generous gift from Professor Hsiu-Jung Lo [5] . The clinical isolate had been previously identified based on colony colour on CHROMagar Candida medium and evaluated following API 20C AUX carbohydrate assimilation patterns [17, 28] . Additionally, the identification procedure was confirmed with genetic methods using rDNA amplification and sequencing as previously described [17, 28] . Briefly, ribosomal DNA region including a fragment of the 5.8S rDNA gene (GenBank) was amplified by standard PCR. The primers CALB1 and CALB2 ( Table 2) were used for species-spe cific PCR [17, 29] . The PCR reaction product was purified using the Clean -up AX method (A&A Biotechnology, Poland) according to the protocol of the manufacturer. Subsequently, the insert was cloned in the pGEM-T Easy vector using the respective Kit (Promega, USA) as described by suppliers. The obtained construct was transformed into E. coli DH 5 alpha competent cells for propagation of the recombinant plasmid. Transformants were selected after overnight growth at 37°C on plates containing LB solid medium [28] . The recombinant plasmid DNA was prepared using the Plasmid Mini Kit (A&A Biotechnology, Poland) according to the protocol of the manufacturer. The recombinant plasmid was digested with ClaI restriction enzyme (Biolabs, New England) for 1.5 h at 35°C in a 10 μl reaction volume that contained: 2µl of recombinant plasmid DNA, 0.5 μl of ClaI (10 U µL -1 ), 1 μl of buffer (10%) and 6.5 μl of miliQ water. DNA sequencing of the cloned insert was carried out in the Laboratory of DNA Sequencing and Oligonucleotyde Synthesis of the Institute of Biochemistry and Biophysics PAS on an ABI PRISM 3730 DNA sequencer (Applied Biosystem, USA). Database searches were performed by using the Clone Manager Professional Suite (Scientific & Educational Software, USA) programs to compare the sequence of the cloned DNA with sequence in the GenBank DNA database (accession number L47111). All the strains used in the present study were stored in Microbank tube (Prolab Diagnostics, Richmond Hill, ON, Canada) at -70°C. Prior to the respective examinations, routine culturing of strains for growth was conducted at 30°C for 18 h in YEPD [30] .
Induction of C. albicans Hyphal Forms in Undiluted Human Serum
Induction of C. albicans hyphae in undiluted human serum at 37°C for 18 h was conducted as previously described [31, 32] . Briefly, precultures were incubated at 30°C for 18 h in YEPD medium, and used to inoculate (1-5 x 10 6 cells/ml) undiluted human serum.
Cultivation and Infection of Caco-2 Cell Line (ATCC HTB27, LGC, Poland)
According to the guidelines of the supplier, monolayers of the colon adenocarcinoma derived cell line were maintained in a humidified incubator at 37°C in 5% (v/v) CO 2 . 
RNA Isolation, cDNA Preparation and Quantification
Total RNA from C. albicans cells was extracted as described Amberg et al. [33] . Prior to further examinations C. albicans total RNA was stored at -20°C. RNA was reverse transcribed into first-strand cDNA using the Enhanced Avian HS RT-PCR kit (Sigma-Aldrich, USA) according to the manufacturer's instructions. Briefly, total reaction volume (10 µl) contained 1 µl of total RNA, Table 1 . Strains used in the study. Table 2 . List of primers used in this study.
and 1 µl of oligo (dT) 23 (3.5 µM), and 1 µl of dNTP mix (500 µM L -1 each dNTP), and 7 µl of water (nuclease-free) was prepared. Incubation step was carried out at 50°C for 10 min. Then subsequently, the remaining components: 1 µl of Enhanced avian AMV-RT (1 U µL
), 1 µl of 10 x buffer for AMV-RT, 8 µl of water (nuclease-free) were added to obtain 20 µl of final volume. The RT reaction was carried out at 50°C for 50 min. cDNA was quantified using the QuantiTect Taq-Man probe RT-PCR kit (Qiagen, Germany) according to the manufacturer's instructions. Appropriate Taq-Man primer and probe sets were designed for SAP4 and ACT1 as described previously by Naglik et al. [11] . Primers used in this study are listed in Table 2 . For the real-time PCR analysis each reaction mixture contained 1x RT-PCR buffer, 4 mM L -1 MgCl 2 , 600 nM L -1 forward and reverse primer, 200 nM Taq-Man probe, HotStarTaq DNA polymerase, and template RNA [11] . To validate our normalization we determined differences in the SAP4 expression levels between C. albicans planktonic cells grown in serum and in their yeast cells counterparts grown in YEPD medium (time 0). Moreover, for reliable normalization of the SAP4 gene expression data in C. albicans cells grown for 18 h in both media we used the housekeeping gene ACT1 as a reference gene. The real time PCR reactions were performed as described previously by Naglik et al. [11] : at 95°C for 15 min, followed by 45 cycles of 15 s at 94°C and 1 min at 60°C with the LightCycler® 96 (Roche Diagnostics GmbH, Germany).
The CT values were provided from RT-PCR instrumentation and were imported into a spreadsheet Microsoft Excel 2010. The relative quantification was calculated using Eq. [34] , where ∆C T = Avg. SAP4 C T -Avg. ACT1 C T. = ∆CT -∆CT parental strain .
Assay of Adherence to Human Line Caco-2 Epithelial Cells (macrowell-based assay)
To study the SAP4 gene as well as EFG1 and CPH1 in relation to adherence, we examined the abilities of the wild types, the disruptants, and the mutants into which one copy of either EFG1 or CPH1 was reintroduced to adhere to a monolayer of human Caco-2. Adherence of C. albicans to the Caco-2 cell line (ATCC HTB-37 TM ) was performed as described previously Hashash et al. [35] . Briefly, the Caco-2 cell line was cultivated in EMEM at 37°C at 5% (v/v) CO 2 . After trypsinisation, with the use of 0.25% trypsin (Biomed-Lublin, Lublin, Poland) the cells were incubated at 1-1.2x10 5 mL -1 for at least 16 h on a 24-well plate (Costar, Corning, NY, USA) to generate a confluent layer. Subsequently, the blastoconidia were grown overnight in the YEPD medium at 30°C. Then, the blastoconidial cells (final density 10 5 mL -1
) were added to each well of the epithelial cells and then incubated for 90 min (adhesion phase). Next, the nonadherent cells were removed by rinsing in a standarized manner, and the wells were overlaid with Sabouraud dextrose agar and allowed to solidify. After 18 h of growth at 35°C, the number of adherent cells was determined by colony counting and compared with the controls on Sabouraud dextrose agar plates. Adherence was expressed as a percentage of the total cells added. Each experiment was performed in triplicate on three separate occasions, and adherence was expressed as a min and max as well as a mean with a standard deviation of mean. The results of similar adherence experiments performed on different days were compared by Wilcoxon signed ranks test. The adherence was determined by comparison with CFU counts of the wild type SC5314 cells attached to a monolayer of Caco-2 cells. P values of ≤ 0.05 were considered statistically significant. Wilcoxon test was performed to evaluate statistically significant differences in adherence between C. albicans strains.
Microscopy
To show the morphological transition from yeast-tohyphal cells under human serum conditions, Scanning Electron microscopy was conducted as described by Staniszewska et al. [32] . Immunofluorescence (IFM) and immunoelectron (IEM) microscopies were also performed as described previously [17, 28] . The latter: IFM and IEM were employed for intracellular detection of Sap4-6 in C. albicans forms after 18 h incubation in Sap-inductive human serum. Images were processed using Leica TCS SP fluorescence microscope (Leica, Wetz lar, Germany), and Zeiss Libra 120 transmission electron microscope (Zeiss, Oberkochen, Germany).
Furthermore, the assessment of C. albicans morphogenesis during Caco-2 monolayer adhesion was performed by using LEXT 3D Measuring LASER Microscope OLS4000 (Olympus, USA) and Scanning Electron Tabletop Microscope (Hitachi TM 100, Japan). Briefly, Caco-2 cells grown on 12 mm glass coverslips were inoculated after 21-day post seeding with 1-1.2x10 5 mL -1 log phase yeast cells of the strains tested. After a 90-min incubation at 37°C, the cells were washed three times with PBS to remove non-adherent yeast and then fixed in 2% glutaraldehyde for 10 min.
Results
Identification of the Clinical Strain
Application of C. albicans specific primers (CALB1 and CALB2) allowed detecting the expected product size 273 bp of C. albicans as described previously [17, 28] . DNA sequence analysis was performed to confirm species identification. Sequence comparison showed that DNA sequence for the C. albicans isolate 82 share high degree of homology with C. albicans DNA sequence in the database (accession number L47111). Sequence analysis of the 5.8S rDNA region allowed to unambiguously determine the species based on recognition of signature nucleotides for C. albicans ( Figure S1 ).
Microscopical Analysis of the Sap4 Antigen
Expression, C. albicans Morphology, and Adhesion to Caco-2 Monolayer
In our IFM and IEM studies, Figure 1 illustrates how the SAP4 expression in the wild type strains is interconnected with the yeast-to-hyphal transition under serum influence after 18 h incubation at 37°C. Moreover, there is evidence acquired in vitro that that the Sap4 protein is expressed on the surface of C. albicans hyphal forms under human serum influence imitating blood infections when the clinical strain 82 derived from blood of patients was studied.
As shown in confocal micrographs (Figure 2) , following an 18-h attachment phase of the yeast cells, we observed that all the fungal strains had switched to an abundant hyphal growth form with the exception of efg1/efg1 and efg1/efg1 cph1/cph1. The true hyphae produced by the latter strain in contact with the Caco-2 cell surface were exceptionally rare as compared to other morphogenesis mutants as well as the references strains. In the case of efg1/efg1, its morphologies tended to be slightly distorted (abnormally elongated blastoconidia were noted, Figure 2) to elongate hyphal cells (elongated tube-like blastoconidia were seen, Figure 2 ), but the ability to undergo yeast-to-hyphae transition during growth on the Caco-2 cell line remained. SEM micrographs (Figure 3 ) of the fungal cells interacting with the Caco-2 cells at 18-h showed that the filamentous forms appeared adherent through the interaction between enterocyte apical microvilli and the filaments.
Expression the SAP4 Gene in Human Serum
The C t values from all the quantitative PCR assays were used to calculate the relative quantity of the SAP4 gene in the C. albicans cells grown in serum compared to their cells counterparts grown in YEPD medium (Figure 4) . The C t values of SAP4 are listed separately for all the samples of yeast cells in human serum (Table 3) or for the start cultures in YEPD medium ( Table 4) . Transcriptional levels of the SAP4 gene used in the relative RT-PCR varied significantly among the mutants' cells in two different developmental conditions (compare Table 3 with Table 4 ). The normalization strategies described above showed that SAP4 is up-regulated in the C. albicans wild type cells grown in human serum for 18 h compared to the yeast cells in YEPD medium. The findings demonstrated that in our model of infection, the SAP4 gene is up-regulated in the double efg1/efg1 cph1/cph1 mutant's cells grown in serum compared to their yeast counterparts in YEPD medium. Contrariwise, the efg1/efg1 mutant as well as the latter strain containing an integrated copy of EFG1 had reduced level of the SAP4 transcript in serum compared to those in YEPD medium. Although, in the study SAP4 expression appeared to be regulated independently of Cph1 or Efg1 in vitro, we found that under serum influence the cph1/cph1 mutant showed the SAP4 expression level indistinguishable from that in YEPD medium. To identify if the SAP4 gene expression is influenced by the activity of either EFG1 or/ and CPH1 during human serum influence, we analyzed the gene expression profiles of both wild type and mutants respectively. We found differences in the expression profiles of SAP4 mRNA between all the strains tested. The SAP4 gene expression increased in the hyphae of the clinical strain 82 (3.14-fold) after 18 h growth in human serum compared to filaments of the strain SC5314. The SAP4 gene expression was a 5.3-fold induced in the Candida cph1/cph1 efg1/efg1 mutant cells compared to the strain SC5314 ( Figure 4) . Moreover, the SAP4 gene was up-regulated 4-and 1.2-fold in the mutants: efg1/efg1 and cph1/cph1 efg1/efg1 containing an integrated copy of EFG1 compared to SC5314 respectively. Moreover, the cph1/cph1 mutant had strongly reduced level of SAP4 in comparison with the remaining mutants tested under human serum influence. In the study, SAP4 was down-regulated in efg1/efg1 containing an integrated copy of EFG1 as compared to the single efg1/efg1 mutant as well as the double cph1/cph1 efg1/efg1 mutant.
Expression of SAP4 on Caco-2 Cell Line
In order to gain more insight into differentially expressed SAP4 between strains, we studied the transcriptional profile of this gene in wild type strain as well as morphogenesis mutants on the Caco-2 cell line ( Figure 5 ). This fungal mRNA was compared with control mRNA from counterpart cells grown in YEPD. Therefore, we reasoned that a comparison with Caco-2 is more likely to reveal infection-associated changes in expression, rather than changes associated with growing in a rich medium.
To explore the SAP4 expression more precisely, we compared the induction of SAP4 in the wild type cells to the morphogenesis mutants during invasion of Caco-2 ( Figure 5 , Table 5 ). The expression level of SAP4 was almost similar in the reference strain SC5314 compared to the morphogenesis efg1/efg1 mutant. Moreover, the SAP4 expression decreased (1.3-fold) in the double mutant into which one copy of EFG1 had been reintroduced compared to the cph1/ cph1 efg1/efg1 mutant. The transcriptional factors Cph1 and Efg1 are not involved in the expression of SAP4, as all the morphogenesis mutants expressed this gene during the contact with intestinal cells. Moreover, we emphasised that since the reference strain SC5314 as well as the clinical strain 82 behave similarly with respect to the basal expression of SAP4 in YEPD medium and during intestinal cells invasion, it implies a limited biological significance of the SAP4 expression. Moreover, it was revealed that in the morphogenesis mutants SAP4 was differently expressed in YEPD medium compared to Caco-2.
The apparent down-regulation of SAP4 in the efg1/efg1 cells compared to YEPD control cells may reflect limited EFG1's role in virulence in the model of mucosal candidiasis. Furthermore, in the single null mutant into which one copy of EFG1 was reintroduced the SAP4 expression was 11.4-fold down-regulated upon the contact with Caco-2 inducer in comparison to the YEPD pre-culture ( Figure 5 , Table 6 ). We reported that in the double efg1/efg1 cph1/cph1 mutant with one copy of EFG1, SAP4 was slightly down-regulated (1.2-fold) in the Caco-2 cell line in comparison with the YEPD-grown controls.
Adhesion of C. albicans Strains to Epithelial Cells
In this study, all the tested C. albicans strains were able to adhere to the epithelial cell line to a different degree. As shown in Figure 6 , the adherence ability varied within each species with the value ranging from 99.10%±0.008 to 99.38%±0.006 for the reference strains; 99.25±0.005 for sap4/sap4; from 90.60±0.09 to 96.34±0.02 for the morphogenesis mutants; and from 93.26±0.04 to 97.36±0.02 for the mutants into which one copy of EFG1 or CPH1 had been reintroduced. In the case of the morphogenesis mutants reduction in their adhesive ability resulted statistically insignificant (P≥0.05 compared to that of the wild type SC5314, Table 7 ). No differences were observed in the adhesion of the null efg1/efg1 mutant compared with the wild type strain where the latter heterozygote strain showed the strong adhesion. Moreover, the adherence of the double mutant into which one copy of EFG1 had been reintroduced displayed no significant reduction (P≥0.05 compared to that of the wild type SC5314, Table 7 ).
Figures 2 and 3 present the Confocal and Scanning
Electron microscopy of C. albicans showing adherence to epithelial cells.
Discussion
In our IFM and IEM studies, there are evidences that Sap4 antigens are expressed by the wild type C. albicans morphologies in human serum. This is in agreement with the others [36] that Sap4-6 proteins are involved in the morphogenesis of C. albicans at neutral pH in vitro.
In the microscopical study, when the wild type strains were used serum accelerates the morphological switch which as was recently reviewed [22] is induced by PKA signalling pathway and EFG1. Lo et al. [5] and Znaidi et al. [37] showed that strains lacking Efg1 or/ and Cph1 are defective in efficient hyphae formation and the cph1/cph1 efg1/efg1 double mutant is unable to fully undergo morphogenesis even under hyphae inducing conditions. Our previous data acquired in laboratory culture conditions [10] indicated that the cph1/cph1 strain forms true hyphae normally (even though very rarely) in comparison to efg1/efg1 as well as cph1/cph1 efg1/efg1 fully defective in true hyphae formation under human serum influence.
In the study, we found that, unlike the double cph1/cph1 efg1/efg1 mutant, the single mutants: sap4/sap4 and efg1/efg1 underwent abundant hyphal transition during incubation with the human epithelium. Thus in comparison to our previous findings [10] in this study the defect in filamentation of efg1/efg1 was partially restored under the conditions used in the Caco-2 infection experiment. In fact, we found that filamentous cells were produced by the efg1/efg1 mutant but the double cph1/cph1 efg1/efg1 mutant was extremely defective for filamentation. Consistent with this view is report of Znaidi et al. [37] that Efg1 is not required for filamentation during tissue invasion. Based on previous data [2, 38] we selected colorectal carcinoma (Caco-2) to quantify C. albicans cells and to characteristic of morphologies produced in contact with cells surface during adherence assay as well as to demonstrate whether the expression of SAP4 gene as well as EFG1 or CPH1 are responsible for adhesion. We showed that the C. albicans strains vary in their ability to attach and to adhere to the Caco-2 monolayer depending on the presence of protein Efg1 and/ or Cph1. Furthermore, the physical contact of the epithelial surface with the morphogenesis mutants lacking of Efg1 and/ or Cph1 did not influence their adhesion ability. By contrast, Dalle et al. [2] showed that C. albicans cells display enhanced adherence to epithelial cells due to physical contact mediating the expression of hyphal associated proteins. Moreover, the latter authors [2] reported that microvilli upon intestinal cells participate in the anchorage of the fungus to their apical surface. In our study, although this phenomenon was observed ( Figure 3 ) it should be noted that it has no effect on the adhesion of the single efg1/ efg1 mutant as well as the double cph1/cph1 efg1/efg1 mutant to the Caco-2 monolayer. It was demonstrated that the ability of the mutants: sap4/sap4 and efg1/efg1 to adhere to epithelial cells was not altered siginificantly compared with the wild type. Thus we suggested that a lack of Efg1 has no implication for the decrease of adhesive properties, suggesting that it can not be important for adhesion to the intestinal layer. Moreover, the same was observed for the effect of deleting CPH1 in adhesion process during growth in Caco-2. On the contrary, deletion of the SAP4 gene resulted in no filamentation and adhesion defects; however these have not been reported to date.
We showed that during hyphal growth, efg1/efg1 or cph1/cph1 cells expressed SAP4, while wild types display lower expression of this gene. Thus Efg1 and Cph1 do not contribute to the SAP4 expression in the bloodstream infection as well as in the intestinal tract. Furthermore, the level of SAP4 expression does not correlate with the importance of this gene for invasion. As shown Lermann and Morschhäuser [40] , Saps are not required for invasion of reconstituted human epithelia (RHE) by C. albicans. Moreover, Langford et al. [3] observed the enhanced SAP4 expression in the single null mutants: efg1/efg1 and cph1/cph1 in Lee's medium, which suggested existence of hyphaeindependent regulation pathway. Literature data [12] point out that there are transcriptional factors (other than Cph1 and Efg1) involved in regulation of both 
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morphogenesis and the SAP4-6 expression. One of them is TEC1 of TEA/ATTS transcription factor family that according to Schweizer et al. [12] is required for both hyphae formation and the SAP4-6 expression in vitro. Moreover, as reviewed by Martin et al. [7] , the EED1 gene seems to encode a key regulator of hyphal growth and other virulence factors like SAP5 which is hyphaeassociated and up-regulated during RHE infections and patient samples. Previous studies identified another key transcriptional factor, Ume6 which is necessary for the extension of germ tubes into hyphae as well as other genes' expression [35, 36, 39] . Taken together, it should be noted that SAP4 may be regulated by neither Efg1 nor Cph1 and other transcriptional factors may regulate this gene expression under human serum influence [3, 11, 12] . Moreover, the proteinase encoded by this gene, if translated, may be associated with C. albicans infection and is quite different from laboratory culture conditions [35, 41] .
Conclusions
Considerably high levels of the SAP4 mRNA in strains lacking transcriptional factors (Cph1 or/ and Efg1) and therefore defective in hyphae formation, suggest that SAP4 regulation is more complex than previously estimated and might imply a hyphae-independent pathway under human serum influence as well as during growth on the Caco-2 cell line. It should be taken into consideration that C. albicans hydrolytic enzymes might be regulated differently during various experiments and what is more, these genes' expression is strainspecific. Environmental conditions have an important impact on the SAP expression pattern in C. albicans. Our data strongly suggest that the lack of transcriptional factors neither Efg1 nor Cph1 influence the adhesive behaviour of C. albicans cells. Thus Efg1 does not control either adherence of C. albicans to tissue or the SAP4 expression.
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